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Abstract  
 
UWB (Ultra Wideband) technology is having high data 
rate  due  to  the  large  number  of  pulses  that  can  be 
created in short time duration. In this paper different 
modulation techniques are used for UWB signal. In any 
receiver the LNA is the first step after antenna, so it is 
very crucial component. This paper contemplates the 
performance  comparison  of  different  modulation 
technique in UWB receiver with the wide band LNA. 
The  wide  band  LNA  is  implemented  using  Agilent’s 
ADS software. With ADS wideband LNA gain achieved 
is 12 dB and is incorporated in SIMULINK model of 
UWB  receiver.  This  work  evaluates  the  BER 
performance of modulation techniques with AWGN and 
SV  channel.  The  performance  of  UWB  receiver  with 
BPSK modulation technique in AWGN channel is better 
than  PPV  and  PPM.  However  PPV  modulation 
technique improves performance with SV channel than 
BPSK and PPM modulation technique. 
 
Keywords:  UWB,  ADS,  SV,  AWGN,  BPSK, 
PPM.  
 
1. Introduction  
The  concept  of  Ultra-Wideband  (UWB)  was 
formulated  in  the  early  1960s;  that  time  UWB  was 
referred  in  broad  terms  as  carrier-less  or  impulse 
technology. UWB technology is a rising research topic 
in the wireless communications field for a  variety of 
reasons.  For  communication  applications,  high  data 
rates are possible due to the large number of pulses that 
can be created in short time duration [1]. UWB can be 
used  in  military  applications  due  to  its  low  power 
spectral density. Other  common uses of  UWB are in 
radar  and  imaging  technologies,  where  the  ability  to 
resolve multipath delay is in the nanosecond range. In 
order to regulate the use of UWB systems, the FCC has 
allocated  frequency  spectrum  from  3.1  GHz  to  10.6 
GHz and the average output power has been limited to -
41.3 dBm/MHz. Figure 1 shows that how the FCC has 
set the UWB mask.  
 
 
Figure 1: UWB Mask as described by the FCC.   
There are two techniques that have been explored to 
use  the  7500  MHz  available  for  UWB  systems.  The 
UWB signal which occupies the whole spectrum; this 
scheme  is  called  Single-Band  (or  Impulse  Radio-IR) 
and in the other technique, the signal occupies at least 
500 MHz, allowing up to 15 of such signals to cover 
the entire band; hence, this is called Multi-Band [3]. 
This  paper  is  organized  as  follows.  Section  II 
describes  the  UWB  receiver  architecture.  Wide  band 
LNA  design  details  are  provided  in  section  III.  All 
modulation technique in details is presented in section 
IV. The SIMULINK model of UWB receiver is given 
in section V. The result of BER performance of UWB 
receiver  is  presented  in  section  VI.  Finally  paper  is 
concluded with section VII.    
 
2. UWB Receiver  
UWB  technology  is  having  extremely  short  pulses; 
detection of such extreme short pulses requires highly 
specialized  receivers.  The  most  common  UWB 
receivers  found  in  [3]  are  the  RAKE  receiver  and 
correlation receiver. In the RAKE receiver the energy 
of  the  different  multipath  components  of  a  received 
pulse is combined in order to improve the performance. 
This  technique  maximizes  the  amount  of  energy 
received per symbol, but it has a drawback of increased 
circuit complexity. The correlation receiver presents a 
simple  implementation.  In  this  paper  correlation 
receiver is used. The correlation receiver is based on 
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signal.  In such type of receiver,  a local signal called 
template or reference must be generated in the receiver 
and correlated with the received signal. The Figure 2 
shows the structure of the correlation receiver.  
 
 
 
Figure 2: Correlation Receiver 
As  shown  in  figure  2,  the  correlator  is  formed  by  a 
mixer and an integrator. The output of the integrator is 
fed  to  a  decision  device,  for  example  a  comparator 
which decides whether a one or zero was transmitted. 
Ideally, the local signal should be the same signal that 
was transmitted [3].  
Low  noise  amplifier  (LNA)  is  the  first  stage  of  a 
receiver,  whose  main  function  is  to  provide  enough 
gain  to  overcome  the  noise  of  subsequent  stages.  In 
addition to good gain and low noise, an LNA should 
accommodate large signals without distortion and must 
also present specific impedance such as 50 Ω, to the 
input source.  
 
3. LNA Circuit Details 
The LNA is one of the most critical components of a 
UWB  receiver.  The  LNA  is  provided  to  amplify  the 
received  signal  with  sufficient  gain  and  as  little 
additional noise as possible [5]. 
In the IR-UWB system good phase linearity is required 
as an alternative in order to keep the shape of the pulse 
when receiving RF-signals from  an antenna [2].  This 
LNA  design  gives  good  power  and  phase  linearity 
performances,  which  is  suitable  for  both  OFDM  and 
IR-UWB system applications. For impedance matching 
it is very important to give a thorough analysis of the 
low noise FET. In this source degenerative LNA value 
of some parameters are computed as follows. 
In this design the value of degeneration inductor  1 s L is 
fairly  arbitrary  but  is  ultimately  limited  on  the 
maximum  size  of  inductance  allowed  by  the 
technology, which is typically about 10 nH.  
Excessive  source  inductance  can  lead  to  LNA 
oscillations  because  of  gain  peaks  at  higher 
frequencies. For this design we assumed the value of 
1.0  nH.  The  degeneration  inductor  1 s L is  calculated 
with the help of Gate-Source Capacitance
gs C as 
 
   m
gs s
s g
C R
L  1
            (1) 
 
The Gate-Source Capacitance is evaluated as    
  
Q s R gs C
0
1


            (2) 
 
Where 0 f is  the  center  frequency,  s R is  source 
resistance.  
The  value  of  gate  inductance  g L is  calculated  using 
equation (3).  
 
  g s
gs
L L
C

 2
0
1

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Figure  3  shows  the  complete  schematic  for  the 
wideband  UWB  LNA.  This  LNA  is  composed  of  a 
cascoded input stage and common-source output stage 
to  achieve  sufficient  gain.    According  to  the 
methodology  in  [2]  by  appropriately  selecting  the 
values of LG1, LS1, RF1 and the size and bias of the input 
transistor M1, i.e. Cgs1 and gm1 simultaneously the input 
impedance and noise matching is achieved. These wide 
band  LNA  specifications  are  included  in  the 
SIMULINK model for UWB receiver.  
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Figure 3: Complete schematic for Wide Band UWB LNA.
 
4. BPSK, PPM, PPV Modulation Details  
UWB signal uses baseband pulses of very short time 
duration  in the  range  of  a  few  hundred  picoseconds. 
These  signals  have  frequency  response  from  nearly 
zero hertz to a few GHz. According to [3] there is no 
standardization  yet,  the  shape  of  the  signal  is  not 
restricted,  but  its  characteristics  are  restricted  by  the 
FCC  mask.  There  are  various  baseband  modulation 
schemes for UWB. This paper uses BPSK, PPM, and 
PPV modulation technique for UWB receiver. 
A.  BPSK 
In case of BPSK we assume the bit stream be denoted 
by a sequence of binary symbols 
j b (with values +1 or -
1) for j = -∞, … , ∞. A single bit is represented using 
c N pulses,  where 
c N refers  to  the  length  of  the  PN 
code
i C . For BPSK the code modulates the polarity of a 
pulse within each frame. The transmitted signal  ) (t s  
can  be  written  as  follows  for  BPSK  modulation  in 
which each frame has duration f T  the duration of each 
bit  is  thus  given  by
f cT N .  Here  A  denote  the 
amplitude of each pulse  ) (t p .  
 
 
 


 


  
j
N
i
f f c i j BPSK
c
iT T jN t p c b A t S
1
0
) ( ) (     (4) 
 
B.  PPM. 
In PPM (Pulse Position Modulation) all pulses (both 1s 
and  0s)  are  of  the  same  amplitude.  The  receiver 
distinguishes  between  a  „1‟  and  „0‟  by  its  time  of 
arrival,  or  the  time  lag  between  pulses  [1].  PPM 
modulation will also smooth the spectrum of the signal, 
thus  making  the  system  less  likely  to  interfere  with 
conventional radio systems. 
The UWB waveform using binary PPM can be defined 
as follows: 
 
             


 
   
1
) ( ) (
M
i
i f f d T iN t b t S              (5) 
 
Where  M  is the number of transmit symbols   1 , 0  i d . 
A  variable   represents the PPM delay shift, f N  is 
number of frame per symbol,  f T  is the frame duration.  
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In  this  paper  Pulse  Period  Variation  (PPV)  data 
modulation  technique  is  used.  In  PPV  binary  data  is 
modulated by varying the pulse repetition period. This 
modulation technique is having better noise immunity 
than BPSK and PAM technique [7]. 
In  the  PPV  modulation,  defining  a  basis  pulse  with 
arbitrary shape ) (t p , the binary data is  modulated by 
sending  the  pulses  with  a  different  pulse  repetition 
period depending on the bit is „1‟ or „0‟, as represented 
in (6) . 


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5.  SIMULINK  Model  for  AWGN/SV 
Channel 
In  this  work  the  IR-UWB  transceiver  system  is 
simulated with the two channels AWGN and SV. This 
section  provides  the  detailed  of  both  the  channels 
utilized with ultra wideband system. 
 
A.   AWGN  (Additive  White  Gaussian  Noise) 
Channel 
In this, the AWGN Channel block adds white Gaussian 
noise to a real or complex input signal. For the real 
input signal, this block adds real  Gaussian noise and 
produces a real output signal. When the input signal is 
complex, this block adds complex Gaussian noise and 
produces a complex output signal. This block inherits 
its  sample  time  from  the  input  signal.  Changing  the 
symbol period in the AWGN Channel block affects the 
variance  of  the  noise  added  per  sample,  which  also 
causes a change in the final error rate. 
10
0 N s E
10   SampleTime
od SymbolPeri r  SignalPowe
nce NoiseVaria


       (7) 
To evaluate BER performance the transmitter signal is 
passed  through  AWGN  channel.  The  AWGN  is  a 
fundamental limiting factor in communication systems, 
and must be considered in receiver design. It could be a 
result  of  a  number  of  phenomena  that  include 
atmospheric noise, RF interference, and thermal energy 
that  causes  random  Brownian  motion  of  electrons 
within  the  receiver  circuit  elements.  AWGN  is 
characterized  by  a  Gaussian  probability  density 
function (PDF) as follows: 
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Where   symbolizes  the  amplitude  of  the  noise 
samples  with  a  variance  of  1
2    and  a  mean  of 
0    [6]. 
B.   SV channel 
The Saleh-Valenuela (SV) multipath model is given by 
the discrete time impulse response: 
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Where,   L number  of  clusters;   l K   number  of 
multipath  components  (number  of  rays)  in  the 
th i cluster;   l k,    multipath  gain  coefficient  of  the 
th k ray in the 
th i cluster;   l T arrival time of the first 
ray of the 
th i  cluster;   l k,  delay of the 
th k ray within 
the
th i cluster relative to the first path arrival time,  l T .  
 
6. Result 
A.   With AWGN Channel 
The figure 4 shows the BER performance of IR-UWB 
receiver  for  different  modulation  techniques  with  the 
wide band  LNA.  The BER performance is computed 
with the AWGN channel. From figure 4 it is clear that 
the  BPSK  modulation  technique  gives  the  better 
performance  than  the  PPV  and  PPM.  The  UWB 
receiver  with BPSK modulation technique achieves 8 
times improvement in BER than PPV modulation at 8 
dB SNR.           
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Figure 4: BER performance of UWB receiver with 
wideband LNA 
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Whereas,  in  comparison  with  PPM  modulation  the 
improvement is 6 times better. The BPSK performance 
goes on increasing with increase in the SNR values. All 
the numerical values of the performance are shown in 
the table 1.  
 
B.   Performance Evaluation with SV Channel 
The figure 5 shows the BER performance of the  IR-
UWB  receiver  with  SV  channel  and  different 
modulation techniques. Table 2 provides the numerical 
values  of  the  BER  performance  of  the  UWB 
receiver.
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Figure 5: BER performance of UWB receiver with 
wideband LNA 
 
With  the  SV  channel  UWB  receiver  with  PPV 
modulation  technique  performances  better  than  the 
other  two  types  of  modulation  technique.  The  PPV 
modulation technique gives 15 times improvement in  
 
the  BER  performance  than  BPSK  modulation 
technique. Also it gives 6 times improvement in BER 
performance than PPM modulation technique.  
 
7. Conclusion 
In this work SIMULINK model for IR-UWB receiver 
with different  modulation techniques is implemented. 
In receiver LNA is the key component; this paper uses 
wide band  LNA for the implementation. The gain of 
LNA is 12 dB which is achieved with Agilent‟s ADS 
tool. With this LNA, BER performance of modulation 
techniques  is  computed  with  AWGN  as  well  as  SV 
channels. With AWGN channel the BPSK modulation 
technique  performs  better  than  other  modulation 
techniques.  With  BPSK  modulation  techniques  BER 
performance improvement is 8 times better than PPV 
and  6  times  better  than  PPM  modulation  technique. 
Whereas  with  the  SV  channel  PPV  modulation 
technique  performances  better  than  other  two 
modulation techniques. Form the result it is clear that 
the  improvement  in  BER  of  PPV  is  15  times  than 
BPSK and 6 times than PPM. It is suggested that with 
AWGN  channel  the  BPSK  modulation  technique  is 
enhanced.  However the PPV modulation technique is 
better with SV channel. 
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